Pseudofulvibacter geojedonensis gen. nov., sp. nov., a polysaccharide-degrading member of the family Flavobacteriaceae isolated from seawater, and emended description of the genus Fulvibacter ). An emended description of the genus Fulvibacter is also presented.
During the screening of novel polysaccharide-degrading micro-organisms from marine environments in the South Sea, South Korea, many bacterial strains were isolated and characterized. One of these isolates, designated YCS-9 T , which was isolated from seawater off Geojedo, an island of South Korea, is the subject of this work. Comparative 16S rRNA gene sequence analysis showed that this isolate was phylogenetically most closely related to members of the family Flavobacteriaceae of the phylum Bacteroidetes (Bernardet, 2011) .
Strain T was isolated by the dilution-plating technique on marine agar 2216 (MA; BD) at 25 u C and cultivated routinely on MA at 25 u C. Strain T was maintained on MA at 4 u C for short-term preservation and as a glycerol suspension (20 %, w/v in distilled water) at 280 u C for long-term preservation. Fulvibacter tottoriensis NBRC 102624
T , which was used as a reference strain for phenotypic characterization and fatty acid and polar lipid analysis, was obtained from the NITE Biological Resource Center (NBRC), Chiba, Japan. Cell morphology was examined by light microscopy (BX51; Olympus) and transmission electron microscopy (CM-20; Philips). The presence of flagella on cells from an exponentially growing MA culture was assessed by transmission electron microscopy. For this purpose, cells were negatively stained with 1 % (w/v) phosphotungstic acid and the grids were examined after being air dried. Gliding motility was investigated as described by Bowman (2000) . The Gram reaction was determined using the bioMérieux Gram-stain kit according to the manufacturer's instructions. Growth under anaerobic conditions was determined after incubation for 7 days at 25 u C in an anaerobic chamber (1029; Forma; N 2 /CO 2 /H 2 , 86 : 7:7) on MA which had been prepared anaerobically under a nitrogen atmosphere. Growth at 4, 10, 20, 25, 30, 35, 37, 40 and 45 u C was measured on MA. Growth with 0, 0.5, 1.0, 2.0 and 3.0 % (w/v) NaCl was investigated by incubation for 7 days at 25 u C in trypticase soy broth prepared according to the formula of the Difco medium except that NaCl was excluded and that 0.45 % (w/v) MgCl 2 . 6H 2 O was added.
Growth with 2.0-10.0 % (w/v) NaCl (in increments of 1.0 %) was measured by incubation for 7 days at 25 u C in marine broth 2216 (MB; BD). The pH range for growth was determined by incubation for 3 days at 25 uC in MB adjusted to pH 4.5-9.5 (in increments of 0.5 pH unit) using sodium acetate/acetic acid and Na 2 CO 3 . The pH values were verified after autoclaving. Catalase and oxidase activities were determined as described by Cowan & Steel (1965) . Hydrolysis of casein, hypoxanthine, Tweens 20, 40, 60 and 80, L-tyrosine and xanthine was tested on MA using the substrate concentrations described by Cowan & Steel (1965) . Hydrolysis of gelatin and urea was investigated using nutrient gelatin and urea agar base media (BD), respectively, with the modification that artificial seawater was used for the preparation of media. Hydrolysis of aesculin and nitrate reduction was investigated as described by Lányí (1987) (Bruns et al., 2001) . Degradation of various polysaccharides was tested on basal medium agar (12 g gellan gum, 1 g yeast extract, 0.5 g NH 4 Cl, 50 ml 1M Tris/HCl pH 7.4 and 5 g low-meltingpoint agarose per litre artificial seawater] containing 0.5 % (w/v) alginate, CM-cellulose, i-carrageenan, colloidal chitin, curdlan, pectin from apple peels, starch or birch wood xylan. All polysaccharides were purchased from Sigma except agarose (Lonza) and curdlan and low-viscosity alginate (Wako Chemicals). Colloidal chitin was prepared using shrimp shell according to a modification of the method of Rodriguez-Kabana et al. (1983) . Briefly, 5 g shrimp shell was dissolved in 50 ml concentrated HCl and stirred at 4 u C overnight. The chitin solution was slowly poured into 50 % chilled ethanol with vigorous stirring. The pH of the mixture was neutralized by NaOH and after centrifugation for 30 min at 6000 r.p.m., the supernatant was decanted and the colloid was dried in a desiccator. Alginate lyase activity was revealed by flooding the agar with 10 % (w/v) cetylpyridinium chloride. Degradation of CM-cellulose and chitin was revealed by flooding the agar with 0.1 % (w/v) Congo red in water. Degradation of agarose, carrageenan, pectin and xylan was revealed by flooding the agar with 106 diluted Lugol's iodine. For the detection of curdlanase activity, 0.005 % (w/v) aniline blue was added to the medium before autoclaving and the activity was revealed by the presence of clear haloes around the colonies (Mahasneh & Stewart, 1980) . The presence of flexirubin-type pigments was investigated as described elsewhere (Reichenbach, 1992; Bernardet et al., 2002 Baumann & Baumann, 1981] supplemented with 0.02 % (w/v) NaNO 3 , 0.002 % (w/v) yeast extract, 2 % (v/v) Hutner's mineral base (Cohen-Bazire et al., 1957) and 1 % (v/v) vitamin solution (Staley, 1968) . Carbon sources were added at a concentration of 0.1 % (w/v) after sterilization by filtration. Susceptibility to antibiotics was tested on MA using antibiotic discs (Advantec) containing the following (mg per disc unless otherwise stated): ampicillin (10), carbenicillin (100), cephalothin (30), chloramphenicol (100), gentamicin (30), kanamycin (30), lincomycin (15), neomycin (30), novobiocin (5), oleandomycin (15), penicillin G (20 U), polymyxin B (100 U), streptomycin (50) and tetracycline (30). Other physiological and biochemical properties were determined using the API 20 E and API ZYM systems (bioMérieux) after incubation at 25 u C for 3 days and 8 h, respectively.
Cell biomass of strain YCS-9
T for DNA extraction and isoprenoid quinone and polar lipid analysis was obtained from cultures grown in MB for 3 days at 25 u C. Cell biomass of F. tottoriensis NBRC 102624
T for polar lipid analysis was obtained under the same culture conditions. Chromosomal DNA was extracted and purified according to the method described by Yoon et al. (1996) , with the exception that RNase T1 was used in combination with RNase A to minimize contamination with RNA. The 16S Pseudofulvibacter geojedonensis gen. nov., sp. nov.
rRNA gene was amplified by PCR as described previously (Yoon et al., 1998) using two universal primers (59-GAGT-TTGATCCTGGCTCAG-39 and 59-ACGGTTACCTTGT-TACGACTT-39) and the PCR products were purified using a QIAquick PCR purification kit (Qiagen). Sequencing of the amplified 16S rRNA gene and phylogenetic analysis were performed as described by Yoon et al. (2003) . The DNA G+C content was determined by the method of Tamaoka & Komagata (1984) with the modification that DNA was hydrolysed and the resultant nucleotides were analysed by reversed-phase HPLC equipped with a YMC ODS-A (25064.6 mm) column. The nucleotides were eluted with a mixture of 0.55 M NH 4 H 2 PO 4 (pH 4.0) and acetonitrile (40 : 1, v/v) at a flow rate of 1 ml min 21 at room temperature and detected by UV absorbance at 270 nm. Isoprenoid quinones were extracted according to the method of Komagata & Suzuki (1987) and analysed by reversed-phase HPLC and a YMC ODS-A (25064.6 mm) column. The isoprenoid quinones were eluted with methanol /2-propanol (2 : 1, v/v) at a flow rate of 1 ml min 21 at room temperature and detected by UV absorbance at 270 nm. For cellular fatty acid analysis, cell mass of strain YCS-9 T and F. tottoriensis NBRC 102624 T was harvested after incubation for 3 days at 25 u C on MA. The two strains were in the same growth phase. Fatty acids were saponified, methylated and extracted using the standard protocol of the Sherlock Microbial Identification System version 4.0 (MIDI). The fatty acids were analysed by GC (model 6890; Hewlett Packard) and identified using the TSBA40 database of the Microbial Identification System (Sasser, 1990) . Polar lipids were extracted according to the procedures described by Minnikin et al. (1984) , and separated by two-dimensional TLC using chloroform/methanol/water (65 : 25 : 3.8, v/v) in the first dimension and chloroform/methanol/acetic acid/ water (40 : 7.5 : 6 : 1.8, v/v) in the second dimension as described by Minnikin et al. (1977) . Individual polar lipids were identified by spraying the plates with molybdophosphoric acid, molybdenum blue, ninhydrin and a-naphthol reagents (Minnikin et al., 1984; Komagata & Suzuki, 1987) and Dragendorff's reagent (Sigma).
The morphological, cultural, physiological and biochemical characteristics of strain T are given in the genus and species descriptions and Table 1 . Strain YCS-9 T degraded agarose, carrageenan, chitin, CM-cellulose, pectin, starch and xylan, but not alginate or curdlan. The almost-complete 16S rRNA gene sequence of strain T determined in this study comprised 1446 nt (approximately 96 % of the Escherichia coli 16S rRNA sequence). In the neighbourjoining phylogenetic tree based on 16S rRNA gene sequences (Fig. 1) , strain YCS-9 T formed a cluster with MTT-39 T with a bootstrap resampling value of 75.4 %. The relationship between strain YCS-9 T and F. tottoriensis MTT-39 T was also found in the tree constructed using the maximum-likelihood algorithm (Fig. 1) . Strain YCS-9 T exhibited 89.0-93.7 % 16S rRNA gene sequence similarity to all strains used in the phylogenetic analysis. Sequence similarities between strain YCS-9
T and the type strains of phylogenetically closely related species were as follows: 92.9-93. The only isoprenoid quinone detected in strain YCS-9 T was menaquinone-6 (MK-6), which is in line with the family Flavobacteriaceae (Bernardet, 2011) . The cellular fatty acid composition of strain YCS-9
T was compared with that of F. tottoriensis NBRC 102624
T , which was grown and analysed under identical conditions in this study. The major fatty acids (.10 % of the total) detected in strain YCS-9 T were iso-C 15 : 1 G, iso-C 15 : 0 and iso-C 17 : 0 3-OH (Table 2) . Strain YCS-9 T could not be clearly differentiated from the other members of the family Flavobacteriaceae by fatty acid composition (Asker et al., 2007; Khan et al., 2007 Khan et al., , 2008 Nedashkovskaya et al., 2008; Lee et al., 2010) . Nevertheless, there were noteworthy differences in the proportions of some fatty acids between strain YCS-9 T and F. tottoriensis NBRC 102624
T , particularly iso-C 15 : 0 , C 16 : 0 3-OH and Table 2 . Cellular fatty acid compositions of strain YCS-9 T and its closest phylogenetic neighbour Strains: 1, Pseudofulvibacter geojedonensis sp. nov. YCS-9 T ; 2, F.
tottoriensis NBRC 102624 T . All data were taken from this study. Fatty acids that represented ,0.5 % in both strains are not shown. ECL, Equivalent chain-length; tr, trace (,0.5 %); 2, not detected.
Fatty acid (%) 1 2
Straight-chain iso-C 17 : 0 3-OH (Table 2) . Although phosphatidylethanolamine is a major polar lipid in most members of the Bacteroidetes that have been analysed, this component was not found in the polar lipid profiles of strain YCS-9 T or F. tottoriensis NBRC 102624 T , in spite of repeated analyses and comparison with reference strains that contain phosphatidylethanolamine (data not shown). The major polar lipids detected in strain YCS-9 T were one unidentified lipid (L1) and one unidentified aminolipid (AL1) (Fig. 2) . This polar lipid profile differed from that of F. tottoriensis NBRC 102624 T in that (i) AL1 was not a major component in F. tottoriensis NBRC 102624 T ; (ii) one unidentified lipid (L6), which was a major component in F. tottoriensis NBRC 102624
T , was not detected in the isolate; and (iii) the presence or proportions of several minor polar lipids differed between the two strains. Strain YCS-9
T could be differentiated from F. tottoriensis NBRC 102624 T by differences in phenotypic properties, including enzyme activities and susceptibility to antibiotics ( Table 1 ).
The phylogenetic, chemotaxonomic and phenotypic characteristics suggest that strain YCS-9
T represents a novel species in a new genus within the family Flavobacteriaceae, for which the name Pseudofulvibacter geojedonensis gen. nov., sp. nov. is proposed. An emended description of the genus Fulvibacter is also proposed on the basis of new data obtained in this study.
Description of Pseudofulvibacter gen. nov.
Pseudofulvibacter (Pseu.do.ful.vi.bac9ter. Gr. adj. pseudes false; N.L. masc. n. Fulvibacter a bacterial generic name; N.L. masc. n. Pseudofulvibacter false Fulvibacter).
Cells are strictly aerobic, Gram-negative, non-flagellated, non-gliding rods. Catalase-and oxidase-positive. Nitrate reduction is negative. The only menaquinone is MK-6. The major fatty acids (.10 % of the total) are iso-C 15 : 1 G, iso-C 15 : 0 and iso-C 17 : 0 3-OH. The major polar lipids are one unidentified lipid and one unidentified aminolipid. The type species is Pseudofulvibacter geojedonensis. A member of the family Flavobacteriaceae, phylum Bacteroidetes according to 16S rRNA gene sequence analysis.
Description of Pseudofulvibacter geojedonensis sp. nov.
Pseudofulvibacter geojedonensis (ge.o.je.don.en9sis. N.L. masc. adj. geojedonensis pertaining to Geojedo, an island of South Korea, from where the type strain was isolated).
Display the following features in addition to those listed in the genus description. Cells are 0.3-0.6 mm wide and 0.8-5.0 mm long; cells longer than 10.0 mm occasionally occur. Colonies on MA are circular, slightly convex, smooth, glistening, yellowish brown and 1.0-1.5 mm in diameter after incubation for 3 days at 25 u C. Optimal growth temperature is 25 u C; growth occurs at 10 and 37 u C (weakly), but not at 4 and 40 u C. Optimal pH for growth is pH 7.0-8.0; growth occurs at pH 6.0, but not at pH 5.5. Optimal growth occurs with 2 % (w/v) NaCl; growth occurs with 5 % (w/v) NaCl, but not without NaCl and with . 6 % (w/v) NaCl. Aesculin, agarose, carrageenan, casein, chitin, CM-cellulose, gelatin, pectin, starch, Tweens 20 and 80 and L-tyrosine are hydrolysed, but alginate, curdlan, hypoxanthine, Tweens 40 and 60 and xanthine are not. LArabinose, cellobiose, D-fructose, D-galactose, D-glucose, maltose, D-mannose, sucrose, trehalose, D-xylose, acetate, benzoate, citrate, formate, L-malate, pyruvate, salicin and succinate are not utilized. Susceptible to carbenicillin, chloramphenicol, lincomycin, novobiocin and tetracycline, but not to ampicillin, cephalothin, gentamicin, kanamycin, neomycin, oleandomycin, penicillin G, polymyxin B and streptomycin. With API ZYM, alkaline phosphatase, leucine arylamidase, valine arylamidase, acid phosphatase and naphthol-AS-BI-phosphohydrolase activity are present, but esterase (C4), esterase lipase (C8), lipase (C14), cystine arylamidase, trypsin, a-chymotrypsin, a-galactosidase, bgalactosidase, b-glucuronidase, a-glucosidase, b-glucosidase, N-acetyl-b-glucosaminidase, a-mannosidase and a-fucosidase activity are absent. In addition to the major fatty acids listed in the genus description, significant amounts of iso-C 15 : 0 3-OH, iso-C 17 : 1 v9c, unknown fatty acid (ECL 13.565) and C 15 : 0 are also present. In addition to the major polar lipids listed in the genus description, significant amounts of unknown aminolipids, unknown lipids and an unknown phospholipid are also present. 
